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I ntr odu c ti on

W h at is  an E vent D ata M odel ?

W h y is  one us ef ul ?

W h at are com m on f eatures ?
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C lasses and I nstanc es

• Instance

• a u n it  t h at  c omb in e s a sp e c if ic  st at e ( d at a)  an d  t h e  
f u n c t ion s u se d  t o man ip u lat e  it  ( me t h od s)

• C l ass

• a t y p e t h at  d e f in e s r e lat e d  in st an c e s
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• t h e  b od y  of  c od e t h at  man ip u lat e s t h e  d at a in  t h e  
in st an c e s

• A  p r o g r am  can h av e m u l ti p l e i nstances o f  th e 
sam e cl ass,  each  w i th  d i f f er ent v al u es
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P ar am eter i z ed C lasses

• C l as s  tem p l ate

• A  d escr i p ti o n f o r  h o w  to  w r i te a cl ass

• D escr i b es a f am i l y o f  cl asses th at sh ar e 
co m m o n ch ar acter i sti cs

• Instanti ati ng a cl ass tem p l ate cau ses th e 
co m p i l er  to  w r i te a cl ass;  o ne can th en 
m ak e i nstances o f  th e cl ass

• std::vector — c lass t e mp lat e

• std::vector< f l oa t> — in st an t iat e d c lass

• std::vector< f l oa t>  vf — ob j e c t ,  or  in st an c e
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W h at i s an Event Data Model?

• An E vent D ata M odel  ( E D M )  p rovides  a 
m ech anis m  f or m anag ing  data rel ated 
to an p h ys ics  event w ith in a p rog ram

• An E D M  is  not:

• a p e r s i s t e n c y m e c h an i s m

• an  I / O m e c h an i s m

• a f i l e  f o r m at

…  a l t h o u g h  i t  i s  r e l a t e d  t o  a l l  o f  t h e s e  
t h i n g s
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Why is an EDM Useful?

• I t  a l l o w s  f o r  i n d e p e n d e n c e  o f  
r e c o n s t r u c t i o n  m o d u l e s

• T h i s  as s u m e s  a m o d u l ar  f r am e w o r k

• M o d u l e s  c o m m u n i c at e  o n l y v i a t h e  E D M

• true whether modules are C++ or Fortran

• M o d u l e s  c an  b e  d e v e l o p e d  an d  m ai n t ai n e d  
i n d e p e n d e n t l y – c r i t i c al  f o r  m ai n t ai n ab i l i t y
o f  a l ar g e  b o d y  o f  c o d e
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Why is an EDM Useful?

• C a n  i s o l a t e  u s e r s  f r o m  n e e d  t o  i n t e r a c t  
w i t h  p e r s i s t e n c y  m e c h a n i s m

• i m p l e m e n t at i o n  o f  s t r e am i n g

• C a n  i s o l a t e s  u s e r s  f r o m  I / O  m e c h a n i s m

• d e t ai l s  o f  r e ad i n g  f i l e s

• C a n  i s o l a t e s  u s e r s  f r o m  c h a n g e s  i n  f i l e  
f o r m a t s
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G ener al F eat ur es

• S o m e  f e a t u r e s  a r e  s h a r e d  b y  a l l  E D M s
• Event c l as s ,  c o l l e c t i o n o f  d at a f o r  o n e  e v e n t

• M an y c l as s e s  r e p r e s e n t i n g  v ar i o u s  “ p i e c e s ”  
o f  an  e v e n t ,  an d  c o l l e c t i o n s  t h e r e o f :
• trac k i ng  hi ts;  c alori meter energ i es

• trac k s,  c andi date p arti c les ( elec tron,  tau,  j et,  . . . )

• N av i g at i o n c l as s e s
• ef f i c i ent loc ati on of  sp ec i f i c  “ p i ec es”

• assoc i ati ons b etween “ p i ec es”  of  the E v ent 

• M e t ad at a c l as s e s
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C o m m o n N eed s

• M o r e  t h a n  o n e  a l g o r i t h m  c a n  p r o d u c e  
e a c h  k i n d  o f  o u t p u t

• n e e d  t o  b e  ab l e  t o  h o l d ,  an d  u n i q u e l y  
i d e n t i f y ,  t h e  o u t p u t  o f  a s p e c i f i c  al g o r i t h m

• e.g. c one alg ori thm j ets and K T  alg ori thm j ets

• A  s i n g l e  al g o r i t h m  c an  b e  c o n f i g u r e d  w i t h  
d i f f e r e n t  p ar am e t e r s ;  n e e d  t o  d i s t i n g u i s h

• e.g. R = 0 . 7  c one j ets and R = 0 . 4  c one j ets
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C o m m o n N eed s

• M a n y  d i f f e r e n t  t y p e s o f  r e c o n s t r u c t e d  
“ p i e c e s ”  n e e d  t o  b e  s t o r e d  i n  t h e  e v e n t

• A l l  t h e s e  t y p e s  m a k e  u p  “ t h e  E D M ”

• C o n t i n u o u s  n e e d  t o  a d d  n e w  t y p e s o f  
“ p i e c e s ”  t o  t h e  e v e n t
• i t  i s  i m p o s s i b l e  t o  p r e d i c t  t h e m  al l  at  t h e  
o u t s e t  o f  t h e  e x p e r i m e n t

• t h e  E D M  g r o w s as  t h e  n e e d  ar i s e s

• S o m e t i m e  w e  c a l l  t h e  c or e c l a s s e s  “ t h e  
E D M ”
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I d ent ifying  B T eV  R eq uir em ent s

• “ Y o u  c a n  g e t  a t  t h e  d a t a ,  w h a t e v e r  
l a n g u a g e  y o u  s p e a k ”
• i n  t h e  t r i g g e r ?  o f f l i n e ?

• “ D a t a  s t r u c t u r e s  s h o u l d  h a v e  f i x e d  
m a x i m u m  s i z e s ”
• g o al  i s   s p e e d  – t i m e  n o t  w as t e d  al l o c at i n g  
an d  f r e e i n g  m e m o r y

• c an  b e  ac h i e v e d  i n  d i f f e r e n t  m an n e r s ,  
al l o w i n g  o n e  t o  r e t ai n  a f l e x i b l e  E D M

• F u l l  d a t a  a c c e s s  f o r  F o r t r a n ,  n o  c o p y i n g
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Missio n I m p o ssib le?

1 . T r i g g e r  c o d e  m u s t  a c c e s s  d a t a  w i t h o u t  
r e q u i r i n g  a n y  c o p y i n g  o f  d a t a

2 . I t  m u s t  b e  p o s s i b l e  t o  w r i t e  t r i g g e r s  i n  
F o r t r a n  7 7

• W h y  n o t  b o t h ?

• F o r t r an  c o m m o n  b l o c k s  ar e  d i s c o n n e c t e d  
f r o m  an  o b j e c t -b as e d  E D M

• T r e m e n d o u s  d i f f i c u l t y  m ap p i n g  e v e n  
s i m p l e  C + +  s t r u c t u r e s  i n t o  F o r t r an
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B efo r e Desig ning  an EDM

• N e e d  t o  s t a r t  w i t h  r e q u i r e m e n t s

• r e q u i r e d  f e at u r e s

• at t r ac t i v e  f e at u r e s

• p r i o r i t i e s

• P o s s i b l e  t o  m o d i f y  a n  e x i s t i n g  E D M ,  o r  
d e s i g n  f r o m  s c r a t c h

• A n  o v e r v i e w  o f  s o m e  e x i s t i n g  d a t a  
m o d e l s  m a y  h e l p  i l l u s t r a t e  t h e  r a n g e  o f  
p o s s i b i l i t i e s  . . .



T he S ur v ey

A tour through the major 
f eatures  of  the C D F ,  D Ø ,  G aud i  
an d  M i n i B ooN E  ev en t mod el s
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• A more detailed document on this topic shall 
b e av ailab le,  at:

• T his surv ey  is an ex tract of  the tab les f rom the 
current v ersion of  that document

• P lease contact the authors w ith any  
corrections

• paterno@fnal.gov & jbk@fnal.gov

http://www-c d s e r v e r . f n a l . g o v /
pu b l i c /c pd /a ps /E D M S u r v e y . htm
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Overview

• T he C D F an d  D Ø E D M s  are i n  ac ti v e 
us e b y  thos e ex p eri men ts ,  res p ec ti v el y

• T he G aud i E D M  i s  un d er d ev el op men t 
b y  the L H C b  ex p eri men t

• T he M i n i B ooN E E D M  i s  i n  ac ti v e us e,  
b ut s ti l l  un d ergoi n g d ev el op men t.  
M i n i B ooN E  us es  b oth C + +  an d  F ortran

• F eatures v iew ed f rom C + + :  M B

• F eatures v iew ed f rom F ortran:  M B F
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A c c es s  t o  t h e E ven t

How does a user gain access to an Event?

• C D F passed into f unctions;  also g lob al

• D Ø passed into f unctions

• G audi search in g lob al reg istry

• M B passed into f unctions

• M B F g lob ally  av ailab le

• G l ob al  ac c es s  w i l l  hav e s ome i n f l uen c e 
on  ab i l i ty  to han d l e m ul tip l e events
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E ven t  M u l t ip l ic it y

D uring devel op m ent,  testing,  and 
sim ul ation,  it is som etim es usef ul  to 

h andl e m ore th an one Event at a tim e

C an we h ave m ore th an one Event?
• C D F Y es,  b ut use of  g lob al causes troub le

• D Ø Y es

• G audi N ot y et;  plans are to access “ named”  
instances

• M B Y es

• M B F N o;  too hard to do in F ortran
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D ef in it io n  o f  E ven t  D a t a  Ob j ec t

• T he E v e n t is a container of  ob j ects
• raw  d ata;  M C  parti c les ;  G E A N T  h i ts

• tri gger res u lts ,  rec ons tru c ted  objec ts

• E ach ex periment has its ow n terminolog y  f or 
the constituents of  an E v e n t
• C D F  s torable objec ts

• D Ø c h u nks

• G au d i d ata objec ts

• M B c h u nks

• O f ten,  the thing s the E v e n ts  collects are 
themselv es collections ( of  hits,  track s,  j ets . . . )
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E ven t  I n t erf a c e

W h at is th e “ l ook  and f eel ”  of  an Event?

• C D F collection w ith “ g eneric”  iterator

• D Ø “database” with type safe queries

• G audi fil esystem -l ik e hierarc hy o f n am ed 
n o des

• M B asso c iativ e array o f type safe n o des

• M B F subro utin e c al l s to  l o ad c o m m o n  
bl o c k s
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Adding to the Event

How is a new object added to an Event?

• C D F o wn ership passed ( desig n ) ,  n o  c o py

• D Ø o wn ership passed ( desig n ) ,  n o  c o py

• G audi o wn ership passed ( c o n v en tio n ) ,  n o  
c o py

• M B o wn ership passed ( desig n ) ,  n o  c o py

• M B F c o py fro m  c o m m o n  bl o c k  to  C + +  
o bj ec t,  then  as abo v e

• Relying on convention is er r or  p r one!
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M u ta b il ity  of  Event D a ta

C an objects in th e Event be m odif ied?

• D esir e f or  r ep r od u cib ility a r gu es th is 
sh ou ld  b e ver y tigh tly contr olled

• C D F n o ,  ex c ept that c o l l ec tio n s c an  g ro w

• D Ø n o

• G audi yes

• M B under development

• M B F under development
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I nher ita nc e

I s inh er itance f r om  a base cl ass needed?

• C D F fro m  T O b j ec t v ia S tora b leO b j ec t

• must implement a streamer; requires CDF 
mac ro ,  to  w rite so me o f  th e interf ac e required  
b y  R O O T

• D Ø fro m  d0 _ O b j ec t v ia A b s C h unk

• requires DØ mac ro ,  to  w rite so me o f  th e 
interf ac e required  b y  DO O M ; requires 
po ssessio n o f  v ario us I Ds



Event M odels 24

I nher ita nc e ( c ont’ d)

• G audi fro m  D a ta O b j ec t

• must b e ab le to  return a g lo b ally  unique I D f o r 
th e c lass.

• M B n o n e

• S h o uld  b e a P O D; c urrent usag e o f  R O O T  
v io lates th is

• M B F n o n e

• A ny  pro perly  pad d ed  c o mmo n b lo c k ,  no  string s 
allo w ed
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ED O  M u l tip l ic ity

I s it p ossibl e to access m or e th an one 
instance of  an ED O  cl ass at one tim e?

• E ver yone need s th is

• C D F  trac k s:  n eeds m o re than  o n e set,  
sev eral  c o m petin g  al g o rithm s

• D Ø  raw data:  n eed m o re than  o n e in  
sim ul atio n

• T h is a b ility gener a tes a  r eq u ir em ent f or  
la b elling E D O s.
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ED O  M u l tip l ic ity  ( c ontinu ed)

I s it p ossibl e to access m or e th an one 
instance of  an ED O  cl ass at one tim e?

• C D F yes

• D Ø yes

• G a u d i yes

• M B yes

• M B F no
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L a b el l ing

How ar e objects in an Event l abel l ed?

• C D F

• U nique o b j ec t I D,  c o nf ig uratio n parameter set 
I D,  d esc riptiv e string ,  c lass v ersio n,  and  c lass 
name

• D Ø

• U nique o b j ec t I D,  c o nf ig uratio n parameter set 
I D,  parent o b j ec t I Ds,  g eo metry  &  c alib ratio n 
I Ds,  and  string  lab els
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L a b el l ing ( c ont’ d)

• G audi

• Class I D,  d esc riptiv e string  w ith  h ierarc h ic al 
path

• M B

• Desc riptiv e string  and  c lass name

• M B F

• Desc riptiv e string
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Q u er y  I nter f a c e

How does a u ser  sp ecif y  wh ich  ED O  h e 
wants?

• C D F

• Custo m iterato rs w ith  o ptio nal selec to rs 
spec if y ing  a c o mb inatio n o f  lab els

• D Ø

• U ser spec if ied  c riteria b ased  o n o b j ec t d ata o r 
spec if ic  lab elling  inf o rmatio n; multiple o b j ec ts 
returned
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Q u er y  I nter f a c e ( c ont’ d)

• G audi

• string  path  inf o rmatio n

• M B

• Class name/ d esc riptiv e string ; sing le o b j ec t 
returned

• M B F

• Desc riptiv e string ; sing le o b j ec t put into  
c o mmo n b lo c k
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Q u er y  R es u l ts

I n wh at f or m  is th e r esu l t r etu r ned?

• C D F

• Custo m iterato r; read -o nly  ac c ess to  th e o b j ec t 
th ey  ref er to  and  trav ersal to  nex t o b j ec t

• D Ø

• Co llec tio n o f  h and les th at allo w  read -o nly  
ac c ess to  th e o b j ec ts
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Q u er y  R es u l ts  ( c ont’ d)

• G audi

• B are po inter to  th e b ase c lass o b j ec t o r to  th e 
o b j ec t itself

• M B

• R ead -o nly  po inter to  th e o b j ec t

• M B F

• P o pulated  c o mmo n b lo c k ,  a c o py  o f  th e ev ent 
d ata
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M u l tip l e M a tc hes

W h at h ap p ens if  m or e th an one ED O  
m atch es th e q u er y ?

• C D F iterato r m o v es thro ug h the m atc hes

• D Ø c o l l ec tio n  o f m atc hes is return ed

• G audi not applicable

• MB n o  m u l t i p l e  m a t c h e s  i m p l e m e n t e d

• MBF n o  m u l t i p l e  m a t c h e s  a l l o w e d
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Support for Associations

What support is given for making 
assoc iations b etw een E D O s?

• Bare pointers are unsuitable

• W h e n  a  p o i n t e d -t o  o b j e c t  i s  d e l e t e d

• W h e n  o n l y  p a r t s  o f  a n  E v ent a r e  w r i t t e n

• W h e n  r e a d i n g  a n  E v ent

• “ S m art pointers”  of  v arious sorts are th e 
usual solution

• c l a s s  t e m p l a t e s  w i t h  s p e c i a l  b e h a v i o r
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P aram e te riz e d  C l asse s

• C lass tem plate

• A  d e s c r i p t i o n  f o r  h o w  t o  w r i t e a  c l a s s

• D e s c r i b e s  a  f a m i l y o f  c l a s s e s  t h a t  s h a r e  
c o m m o n  c h a r a c t e r i s t i c s

• I n s t a n t i a t i n g a  c l a s s  t e m p l a t e  c a u s e s  t h e  
c o m p i l e r  t o  w r i t e  a  c l a s s ;  o n e  c a n  t h e n  
m a k e  i n s t a n c e s  o f  t h e  c l a s s

• std::vector — c l a s s  t e m p l a t e

• std::vector< f l oa t> — i n s t a n t i a t e d c l a s s

• std::vector< f l oa t>  vf — o b j e c t ,  o r  i n s t a n c e
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Support for Associations

• C D F

• S p e c i a l  l i n k  c l a s s e s  t h a t  a r e  c o n v e r t e d  f r o m  
p o i n t e r  t o  i d  a n d  b a c k  a u t o m a t i c a l l y ;  l i n k s  e x i s t  
f o r  o b j e c t s  w i t h  c o l l e c t i o n  a s s o c i a t i o n s

• D Ø

• S p e c i a l  l i n k  c l a s s e s  t h a t  a r e  c o n v e r t e d  f r o m  
p o i n t e r  t o  i d  a n d  b a c k  s e m i -a u t o m a t i c a l l y ;  l i n k  
c l a s s e s  e x i s t  f o r  t o p -l e v e l  E D O s  a n d  f o r  i t e m s  
w i t h i n  c o l l e c t i o n s
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Support for Associations ( cont’ d )

• G a u d i

• S p e c i a l  l i n k  c l a s s e s  t h a t  r e  c o n v e r t e d  f r o m  
p o i n t e r  t o  i d  a u t o m a t i c a l l y ;  l i n k s  e x i s t s  f o r  
D a ta O b j ects o r  v e c t o r s

• MB

• c u r r e n t l y  n o  i n f r a s t r u c t u r e  s u p p o r t
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R e strictions on Associations

• I n all c ases,  C + +  obj ec t m od els d isallow  
( by  c onv ention)  use of  bare pointers

• A ssoc iations are one-w ay ,  f rom  “ new er”  
obj ec ts to “ old er”  obj ec ts

• e n f o r c e d  f o r  C D F ,  D Ø ;  c o n v e n t i o n  f o r  
G a u d i

• C om plex  assoc iations m ust be 
im plem ented  in d istinc t E D O s
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P e rsiste ncy  I m positions

What requirements are placed on EDOs 
b y  the persistency  mechanism?

• CDF m a c r o s ,  s t r e a m e r s ,  TObject

• DØ m a c r o s ,  d 0 _ Object

• G a u d i a l l  d a t a  p u b l i c ,  o r  a v a i l a b l e  w i t h  
g e t / s e t  m e t h o d s

• M B m a c r o s

• M B F C s t r u c t ,  p a d d e d  t o  m a p  t o  c o m m o n  
b l o c k
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I/O Format

What f ile f ormat is used?
• CDF R O O T

• DØ DS P A CK  i s  s t a n d a r d ,  o t h e r s  a r e  
p o s s i b l e

• G a u d i O b j e c t i v i t y  a n d  R O O T

• M B R O O T

• M B F R O O T

• Multiple I/O formats are available for 
th ose d esig n s th at h ave isolated  th e 
persisten c y  mec h an ism from th e E D M
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S c h e ma E v ol u ti on

• Men tion ed  several times as importan t
• N e w  c l a s s e s  a r e  a d d e d  – e a s y !

• E x i s t i n g  c l a s s e s  a r e  c h a n g e d  – h a r d e r

• W id ely  d ifferen t d eg rees of automation
• CDF i f s t a t e m e n t s  i n  s t r e a m e r s

• DØ a u t o m a t e d ,  u s i n g  D0 O M  d a t a  
d i c t i o n a r y

• G a u d i i f s t a t e m e n t s  i n  c o n v e r t e r s

• M B a u t o m a t e d ,  u s i n g  R O O T  d a t a  
d i c t i o n a r y
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T ran s l ati on  M e c h an i s m

What is done to w rite out/ read in an 
ob j ect?

• CDF
• Hand written code to write object's data into 

th e R O O T  bu f f er;  transient rep resentation 
ty p ical l y  dif f ers sig nif icantl y  f rom  th e p ersistent 
f orm  

• DØ
• A u tom ated by  data dictionary ;  cop ies data to 

th e F ortran bank  stru ctu re,  th en to ou tp u t.  
R arel y  u sed activ ate/ deactiv ate can do sim p l e 
transient m ap p ing .



Event M odels 43

T ran s l ati on  M e c h an i s m ( c on t’ d )

• G a u d i

• C onv erter ex ternal  to th e cl ass reads state ou t 
into th e p ersistency  p ack ag e bu f f ers;  cop y  th e 
data objects into objectiv ity  objects,  th en write 
th e th ose objects

• M B

• A u tom ated by  data dictionary ,  cop ies data to 
R O O T  bu f f ers.



W h e re  to g o f rom h e re ?
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Q u e s ti on s  f or B T e V

• A re y our req uiremen ts ag reed  upon ?

• I f  n o t  h o w  w i l l  c o n s e n s u s  b e  r e a c h e d

• I f  s o ,  a r e  t h e y  c l e a r l y  e x p r e s s e d ?

• W h at proc ess w ill be used  to move from 
req uiremen ts to a solution ?

• Co n c r e t e  m i l e s t o n e s

• T i m e  e s t i m a t e s

• Co n t i n u o u s  r e v i e w  o f  b o t h  t o  k e e p  p r o j e c t  
o n  t r a c k


